The platypus (Ornithorhynchus anatinus) is the sole survivor of a previously widely distributed and diverse lineage of ornithorhynchid monotremes. Its dependence on healthy water systems imposes an inherent sensitivity to habitat degradation and climate change. Here, we compare genetic diversity at the major histocompatibility complex (MHC) Class II-DZB gene and 3 MHC-associated microsatellite markers with diversity at 6 neutral microsatellite markers in 70 platypuses from across their range, including the mainland of Australia and the isolated populations of Tasmania, King Island, and Kangaroo Island. Overall, high DZB diversity was observed in the platypus, with 57 DZB b1 alleles characterized. Significant positive selection was detected within the DZB peptide-binding region, promoting variation in this domain. Low levels of genetic diversity were detected at all markers in the 2 island populations, King Island (endemic) and Kangaroo Island (introduced), with the King Island platypuses monomorphic at the DZB locus. Loss of MHC diversity on King Island is of concern, as the population may have compromised immunological fitness and reduced ability to resist changing environmental conditions.
The platypus (Ornithorhynchus anatinus) is a small semiaquatic monotreme found in the waterways of eastern Australia as well as on the islands of Tasmania, King Island, and Kangaroo Island (Grant 2007) . The populations of platypus on Tasmania and King Island have been isolated from the Australian mainland for at least 14 000 years due to rising sea levels after the last glacial maximum (Lambeck and Chappell 2001) . The population on Kangaroo Island was established after the introduction of 19 individuals from Tasmania and Victoria between 1928 and 1946 (Copley 1995 .
The platypus is listed as ''least concern'' by the International Union for Conservation of Nature (Lunney et al. 2008) but is dependent on healthy waterways and associated riparian environments for foraging and shelter. The platypus is the sole survivor of a previously diverse and widely distributed lineage of ornithorhynchid monotremes, so its continued survival holds conservation significance (Warren et al. 2008) . Determining levels of genetic diversity in platypus populations are valuable to future species management (Sommer 2005) .
Measures of neutral genetic diversity, using microsatellites, single nucleotide polymorphisms, or mitochondrial DNA, are widely used to infer nonselective evolutionary forces, such as genetic drift, gene flow, and mutation (Boyce et al. 1997) . However, these markers cannot provide direct information on the fitness or evolutionary potential of a population (Miller et al. 2001) . Increasingly, researchers are investigating genetic diversity at genes under natural selection, especially the genes of the major histocompatibility complex (MHC) (Landry and Bernatchez 2001; Miller and Lambert 2004; Alcaide et al. 2009 ).
The MHC is a highly polymorphic multigene family integral to the vertebrate immune response. The MHC Class I and Class II genes encode cell-surface receptors that recognize processed pathogenic peptides and present them to T lymphocytes to stimulate an immune response (Klein 1986 ). The antigen-presenting glycoproteins of the MHC Class II are heterodimers of 2 peptide chains, the a and b chains encoded by A and B genes, respectively. Peptides are bound into the peptide-binding groove formed between the a1 and b1 domains, where specific amino acid anchor residues (peptide binding residues [PBRs] ) within the groove determine pathogen specificity (Klein 1986 ). These residues exhibit high levels of polymorphism at the population level as a result of 2012: 103(4) balancing selection mediated by pathogen pressure and mate choice (Hedrick 1994; Bernatchez and Landry 2003) .
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Under balancing selection, MHC alleles are retained for long periods of time and rarely lost from populations resulting in maintenance of high polymorphism within this gene region (Hedrick 2002; Piertney and Oliver 2006) . Positive selection involving a higher rate of nonsynonymous than synonymous nucleotide substitutions in the peptidebinding groove further promotes MHC diversity Nei 1988, 1989) . Neutral genetic forces and directional selection also influence MHC diversity. The relative strength of each evolutionary force varies spatially, temporally, and across species. In order to measure these effects, MHC diversity is commonly compared with neutral genetic diversity (Bernatchez and Landry 2003) .
Due to its key role in the immune response, MHC diversity is also used to infer the immunological fitness of populations. A population with high MHC diversity has an increased chance that at least some individuals will be able to mount a successful immune response to a new pathogen. It naturally follows that there is concern for populations with low MHC diversity, which are likely to lack resistance genes to a broad range of pathogens. Proof of this association, however, is difficult to confirm (Radwan et al. 2010) . Several studies have identified MHC alleles associated with susceptibility and resistance to pathogens (Barribeau et al. 2008; Dionne et al. 2009 ). But the role of pathogens in extinctions remains uncertain (Radwan et al. 2010) , and populations with low MHC diversity and long-term survival have been documented (Babik et al. 2009 ).
One clear example of how low MHC diversity has resulted in a disease epidemic is seen in the Tasmanian devil (Sarcophilus harrissi). Tasmanian devils on the east coast of Tasmania are essentially identical at their MHC Class I genes. A novel contagious cancer, devil facial tumor disease (DFTD), has successfully been transmitted from animal to animal without being recognized by the immune system. This was able to occur because the MHC antigens found on the surface of DFTD cells are identical to those present in eastern Tasmanian devils. Therefore, the devil's immune system does not see the DFTD cells as foreign and does not mount an immune response against them (Siddle et al. 2007 (Siddle et al. , 2010 . This disease could not have spread so rapidly or successfully in a population with high MHC diversity.
The platypus MHC contains only 2 classical MHC Class II genes-DZB (Belov et al. 2003) and DZA (Dohm et al. 2007) . In this study, we sequenced the peptide binding region of the MHC Class II-DZB gene on the Australian mainland and on 3 offshore islands and compared levels of diversity in these sequences with that of 6 neutral microsatellites and 3 MHC-associated microsatellites.
Materials and Methods

Sampling
Toe-web biopsies were collected from platypuses from Queensland (n 5 5), NSW (n 5 24), Victoria (n 5 4), Kangaroo Island (n 5 5), Tasmania (n 5 23), and King Island (n 5 9) (Figure 1 ). Genomic DNA was extracted using an initial overnight digestion with 10 ll proteinase K in 580 ll TNES (50 mM Tris base, pH 7.5, 400 mM NaCl, 20 mM EDTA, and 0.5% sodium dodecyl sulfate) incubated at 50°C. DNA was precipitated in 600 ll 100% ethanol. The DNA pellet was washed with 70% ethanol, allowed to dry out completely prior to resuspension in 300 ll TE buffer (10 mM Tris base, pH 7.4, 0.1 mM EDTA pH 8).
Amplification of MHC Genes
PCR primers (forward 5#-ACAACGGGACGGAGCGGG-TG-3# and reverse 5#-CCCGCCGTAGTTGTGCCTGC-3#) were designed from published platypus MHC Class II DZB cDNA (Belov et al. 2003) . These primers amplify a 211 bp segment of the DZB exon 2/b1 domain. A maximum of 2 alleles were amplified per individual, indicating that the primers amplify only one locus. SSCP was carried out on all samples, and platypuses were genotyped based on unique banding patterns. Each unique banding pattern was subsequently cloned and sequenced, using the following method.
PCR amplifications were performed in 50 ll containing 1Â QIAGEN buffer, 10 ll Q solution, 2.5 mM dNTPs, 2.5 mM forward and reverse primer, and 2.5 units of QIAGEN Taq polymerase (QIAGEN). The PCR amplification steps were as follows: initial denaturation at 90°C for 3 min, then 35 cycles of 90°C for 30 s, 60°C for 1 min, and extension at 72°C for 1 min, with a final extension of 72°C for 10 min. Stop/fix dye (4 ll) was added to each reaction.
PCR reactions (10 ll final volume) performed as described above were spiked with 0.1 ll 33P dATP. An equal volume (10 ll) of loading dye was added to each reaction. PCR products were denatured at 98°C for 5 min and then placed on ice. The PCR products were run on an acrylamide gel consisting of 8% 19:1 acrylamide, 0.5Â TBE buffer (44.5 mM Tris base, 44.5 mM boric acid, 1 mM EDTA, pH 8), and 5% glycerol. Before use, 90 ll of tetramethylethylenediamine and 225 ll of 10% w/v ammonium persulphate per 50 ml of acrylamide gel were added. Five microliters of each sample was loaded into the gel and run in 0.5Â TBE buffer at 15 W for 4-5 h at 4°C. The SSCP gels were exposed to X-ray film for up to 1 week and developed.
PCR products were cut from agarose gels, and the DNA purified using the UltraClean kit (MOBIO) following the manufacturer's protocol. The DNA was then cloned into plasmids using the pGEM-T Easy vector system (PROMEGA). Purification of plasmid DNA from overnight cultures of Escherichia coli in LB medium was then carried out using QIAprep Spin Miniprep Kit (QIAGEN). An average of 20 clones per individual were picked and sequenced at the Australian Genome Research Facility (AGRF, Queensland, Australia). Chromatograms were inspected to identify and exclude sequences containing PCR errors from further analysis. All alleles were confirmed by sequence data from 2 separate PCR reactions. Sequenced alleles were named OranDZB alleles 1-57 and given GenBank accessions GQ165534-GQ165590.
All MHC amplicons were confirmed to contain DZB sequence using Blastx (http://blast.ncbi.nlm.nih.gov/ Blast.cgi; Altschul et al. 1990; Gish and States 1993) Sequences were aligned in Sequencher 4.1.2 (Gene Code Corporation 1991-2000) using default parameters. BioEdit 7.0.5.3 (Hall 1999 ) and MEGA 4 (Tamura et al. 2007 ) were used to format and edit sequence data. Phylogenetic and molecular evolutionary analyses were conducted using PhyML 3.0 (Guindon and Gascuel 2003) using the selected model of optimal nucleotide substitution predicted by ModelGenerator 0.85 (Keane et al. 2006) . Nucleotide sequences were used to construct maximum likelihood phylogenetic trees using 1000 bootstrap replicates and K80 model of nucleotide substitution. Additional MHC Class II genes included in the phylogenetic analysis include shortbeaked echidna (Tachyglossus aculeatus) (TaacDZB1 (Schneider et al. 1991) , and human (HosaDRB3 [NM_022555]) sequences.
The putative PBRs were predicted based on the published 24 peptide-binding residues identified by Brown et al. (1993) as well as the 15 proposed pocket residues from Tong et al. (2006) . The relative rates of synonymous (d S ) and nonsynonymous (d N ) substitutions were determined for the PBRs and non-PBRs independently, according to Nei and Gojobori (1986) and corrected for multiple hits (Jukes and Cantor 1969) using MEGA 4 (Tamura et al. 2007) . A Z-test of selection was performed using MEGA 4. Given the divergence of the MHC genes in platypus and humans (less than 60% amino acid similarity to HLA-DRB3), we chose to 
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also test for selection without knowledge of the PBRs and non-PBRs by using CODEML in PAML 4.4 (Yang 1997 (Yang , 2007 to test for positive selection and identify positively selected sites (where x 5 (d N /d S ) . 1). The models M1 (nearly neutral), M2a (positive selection), M7 (beta), and M8 (beta and x) were analyzed, and the likelihood ratio test (with 2 degrees of freedom [df] ) was used to identify positive selection by comparing M1 against M2a and M7 against M8 with df 5 2. The Bayes empirical Bayes method (Yang et al. 2005 ) was used to identify positively selected sites under models M2a and M8.
Genetic Diversity at MHC-Associated and Neutral Microsatellite Markers
MHC-associated microsatellite markers were designed from available genomic sequence (accession numbers: EU030443, EU030444; Dohm et al. 2007 ). Di-and trinucleotide microsatellite loci were identified in close proximity to the platypus MHC Class II genes. Three polymorphic microsatellite markers were optimized for PCR (see Table 1 ) and used to genotype all individuals. One primer from each pair was 5# end-labeled with an oligonucleotide tag (5#-CAGTCGGG-CGTCATCA-3#; Schable et al. 2002) to allow labeling of PCR product by a third fluorescent primer (APPLIED BIOSYSTEMS).
PCRs for fragment analysis were carried out in a total volume of 15 ll, 1Â PCR buffer (INVITROGEN), 2.3 mM MgCl 2 , 0.2 mM each dNTP, 0.6 lM 5#-fluorescent CAG primer (Applied Biosystems), 0.06 lM CAG-labeled primer, 0.6 lM unlabeled primer, 0.625 lg bovine serum albumin, 0.5 U of Taq DNA polymerase (INVITROGEN), and approximately 30 ng genomic DNA. A thermal profile was used with the following conditions: initial denaturation at 94°C for 3 min, followed by 33 cycles of denaturation at 94°C for 30 s, annealing at an optimized temperature for each primer (see Table 1 ) for 30 s, and extension at 72°C for 30 s, with a final extension at 72°C for 10 min.
Individuals were also genotyped using 6 published neutral microsatellite markers, OA.01.TAGTA, OA.03.-GAATA, OA.03.GTAG, OA.06.TATATC, Platy08, and Platy19, and an adapted standard protocol (Kolomyjec et al. 2008 (Kolomyjec et al. , 2009 Population analyses were carried out similarly for the DZB locus, MHC-associated microsatellite, and neutral microsatellite markers. Allele frequencies (N A ), allelic richness (A R ), and inbreeding coefficients (F IS ) were estimated using FSTAT 2.9 (Goudet 1995) and significance tested using JMP version 5 (SAS Institute Inc.). Observed (H O ) and expected (H E ) heterozygosities were calculated in GENALEX (Peakall and Smouse 2006) . Allelic richness was used to correct for differences in pooled sample sizes through a rarefaction method, thereby producing the number of alleles independent of sample size. Conformance to HardyWeinberg (HW) expectations was estimated using ARLEQUIN 3.0 (Excoffier et al. 2005) . Linkage disequilibrium between the 3 MHC-associated microsatellite markers and the polymorphic sites of the sequenced DZB domain was examined through the test of nonrandom association of alleles implemented in ARLEQUIN with 10 000 permutations and 10 initial conditions for the Expectation-Maximization algorithm. The polymorphic sites in the DZB domain were encoded as alleles and assigned to each individual as genotypes.
ARLEQUIN 3.5 (Excoffier and Lischer 2010) was used to estimate population differentiation (F ST ) through implementation of analysis of molecular variance (AMOVA; 10 000 permutations). Because F ST is dependent upon within-population variability, it may underestimate population differentiation for highly polymorphic markers (Jost 2008; Meirmans and Hedrick 2011) . Thus, we also used G $ ST (Meirmans and Hedrick 2011) and D EST (Jost 2008 ) to estimate population differentiation (100 000 permutations) in the software package GENODIVE (Meirmans and Van Tienderen 2004) .
Results
An overall summary of the levels of genetic diversity at neutral microsatellites, MHC-associated microsatellites, and in the sequenced MHC-II DZB domain are shown in Table  2 . Fifty-seven DZB b1 alleles were identified among the 70 individuals sampled across the platypus distribution (Figure 2) . The alleles share an average of 93% nucleotide identity and 86% amino acid identity. Phylogenetic analysis shows that alleles cluster in a single clade, supporting the fact that sequences belong to a single locus (Figure 3) . Thirteen alleles were shared among populations with alleles OranDZB*09, OranDZB*20, OranDZB*32, OranDZB*39, and OranDZB*47 found in 3 or more different regions. The remainder of the alleles were identified from single individuals. Allele OranDZB*09 was the sole MHC DZB allele found in the King Island samples.
The platypus DZB displayed significant positive selection with a greater proportion of nonsynonymous substitutions than synonymous substitutions under the PBR prediction from Brown et al. (1993) and Tong et al. (2006) (Brown method: P value 5 0.0158; Tong method: P value 5 0.0043; Table 3 ). Highly significant positive selection was also observed for the non-PBRs under both prediction methods (Brown method: P value 5 0.0018; Tong method: P value 5 0.009; Table 3 ). This is likely due to incorrect prediction of residues involved in peptide binding. Therefore, we used the maximum likelihood random-site model test to identify sites under positive selection and identified 18 sites within the platypus DZB (Table 4 and Figure 2) .
A single amino acid polymorphism was detected in the RFDS (Arg-Phe-Asp-Ser) motif, a short tetrapeptide involved in T-cell binding (Auffray and Novotny 1986;  Figure  2 ). This motif is usually highly conserved in mammals (Auffray and Novotny 1986) , but the same substitution (RFDN) has been observed in other DZB sequences (Belov et al. 2003) and was observed at a frequency of 24% in this study. Although determining the functionality of this motif is beyond the scope of this study, given its high frequency and presence in homozygote form in 6% of platypuses, the RFDN motif is probably still functional.
Four of the 6 platypus populations deviated from HW expectations as evaluated over all neutral microsatellite markers (0.004 . P value . 0.043). In King Island, this deviation is seen in 4 of the 6 microsatellite loci (OA.01.TAGTA, OA.03.GAATA, OA.03.GTAG, and Platy19), whereas only 1 or 2 loci deviated significantly from HW expectations in the other populations (Tasmania: Platy08; Victoria: OA.03. GAATA; and NSW: OA.03.GAATA, OA.03.GTAG). We suspect these deviations are due to a sampling bias from pooling samples that may have come from different populations. No populations deviated from HW expectations at the MHC-associated microsatellites markers. At the MHC locus, only the Tasmanian population deviated significantly from HW expectations (P value 5 0.008), due to an excess of homozygotes. The King Island platypuses were monomorphic for DZB.
We found comparable diversity (allelic richness; P value 5 0.1729) at the neutral microsatellite markers among the platypus populations, except King Island where allelic richness was markedly lower (Table 2 ; P value , 0.0001). Allelic richness at the MHC-associated microsatellite markers ranged from 2.98 to 1.61, with the lowest diversity observed in the populations of King Island and Kangaroo Island. From the sequencing of the DZB locus, we also observed lower diversity on Kangaroo Island and no diversity on King Island. The mainland and the Tasmanian population had comparable allelic richness (P value 5 0.4159). Interestingly, a lower allelic richness was seen in the MHC-associated microsatellites markers compared with the neutral microsatellite markers (P value 5 0.0119), even though the MHC region is clearly highly polymorphic. We propose that this is likely due to the shorter length and lower complexity of the MHC-associated markers. Significant differentiation was detected across the platypus populations at all markers under all estimates of population differentiation. AMOVA analyses showed comparable differentiation between the MHC-associated microsatellite markers (F ST : 0.228, P value , 0.0001), the microsatellite markers (F ST : 0.212, P value , 0.0001), and the DZB locus (F ST : 0.166, P value , 0.0001). The alternative indices of population differentiation revealed higher differentiation at the DZB locus (G Linkage disequilibrium was tested between the MHCassociated microsatellite markers and polymorphic sites within the sequenced DZB domain for the Tasmanian population and the NSW population, as these populations had reasonable sample sizes (Table 5) . Analysis was also carried out on all samples pooled together from all the populations, excluding King Island (Table 5) . Ten associations between the MHC-associated microsatellite markers and nucleotide sites within the sequence DZB domain were detected in the NSW platypus population, whereas only 2 were detected in the Tasmanian population; however, these associations became nonsignificant after correcting for multiple tests. A highly significant association (P value , 0.0001) was also seen between the 2 MHCassociated microsatellite markers: OaMs_DZA2 and OaMs_DZB2.
Discussion
This study is the first published investigation into MHC diversity in a monotreme. We observed high levels of MHC Class II variation in platypuses from across their distribution with 57 DZB b1 alleles identified in 70 individuals. The platypus showed high DZB b1 allelic diversity, likely the result of significant positive selection on PBR variability due to significantly higher rate of nonsynonymous to synonymous substitutions across the DZB domain. High MHC diversity in other species has been attributed to pathogenmediated selection (Hedrick 2002; van Oosterhout et al. 2006; Tollenaere et al. 2008; Meyer-Lucht and Sommer 2009; Alcaide et al. 2010) or mate choice (Milinski 2006; Eizaguirre et al. 2009 ). Although our knowledge of platypus mate choice is limited, a range of infectious agents and parasites have been reported from platypuses (Whittington 1992; Munday et al. 1998) , and the selective pressure mediated by these pathogens may contribute to the observed high diversity at the MHC-DZB locus. The wide geographic sampling would also contribute to the large variation seen at this locus and also to the observed high number of singleton alleles.
Significant population differentiation was observed at all markers and population differentiation indices. When excluding the nearly fixed King Island population, the F ST population comparisons indicated lower population differentiation at the DZB locus and MHC-associated microsatellite markers than the microsatellite markers. This suggests the action of balancing selection counteracting the evolutionary forces that have led to significant genetic differentiation at the neutral markers (except small islands, discussed below). However, using G ST and D EST to estimate population differentiation, the DZB locus showed higher differentiation across the platypus populations compared with the microsatellite markers and the MHC-associated microsatellite markers. It seems more likely that the isolation by distance on the mainland and the geographic isolation of the islands would result in considerable genetic differentiation between platypus populations.
The higher differentiation between platypus populations at the MHC loci compared with the putatively neutral Table 3 Test statistic (d N À d S ) and probability (P) from Nei and Gojobori (1986) Z-test for selection for peptide-binding residues (PBRs) and non-PBRs described by Brown et al. (1993) and Tong et al. (2006) M1a-M2a 324.33 ,0.001 Prob (w . 1) ** ** ** ** ** ** ** ** ** ** ** ** ** * ** ** ** ** M7-M8 589.04 ,0.001 Prob (w . 1) ** ** ** ** ** ** ** ** ** ** ** *Indicates P value , 0.05; **indicates P value , 0.01.
microsatellites is the likely result of key differences in the environments and pathogen prevalence across the platypus distribution. Previous studies of platypus disease have identified 2 pathogens have clearly different frequencies across the platypus range. The dimorphic fungal pathogen Mucor amphibiorum causes a severe ulcerative dermatitis (mucormycosis) only in Tasmanian platypuses (Munday and Peel 1983; Obendorf et al. 1993) . Although the pathogen has also been isolated from platypus habitats in Queensland (Speare et al. 1994) , there have been no documented cases of disease on the mainland (Connolly et al. 2010) . The bacterial pathogen Leptospira interrogans affects NSW platypuses in the Shoalhaven region (McColl and Whittington 1985) but has not been documented elsewhere. As our understanding of pathogen pressures in platypus populations is incomplete, further investigation on the interaction between MHC variability and pathogen prevalence may increase our understanding of the observed population differentiation. A second aspect of this work was to compare levels of genetic diversity on the mainland with diversity on islands. Islands play an important role in the persistence of mammalian species as they provide refuges for many endangered and threatened species (Mills et al. 2004) . Unfortunately, islands are also notorious for producing populations with low genetic diversity (Frankham 1997) . This is certainly true for Australian mammals (Eldridge et al. 1999 (Eldridge et al. , 2004 Jones et al. 2004; Mills et al. 2004) , and we indeed found lower levels of genetic diversity at all markers in the smallest island population of King Island and the established population on Kangaroo Island (see Table 2 ).
Prehistoric sea level fluctuations in the Bass Strait would have resulted in periodic isolation of platypus populations on Tasmania and King Island. The Bass Strait, dividing mainland Australia and these 2 islands, existed as a freshwater lake for extended periods prior to the last glacial maximum (Blom and Alsop 1988) and may have allowed migration of platypuses between populations. After the last glacial maximum, sea levels rose to flood the Bass Strait approximately 14 000 years ago, and the platypus populations of Tasmania and King Island were ultimately isolated (Lambeck and Chappell 2001) . The modern island of Tasmania is large (62 409 km 2 ) with extensive habitat to hold a large population of platypuses (Gust et al. 2009 ). We observed lower diversity at both neutral and MHC-associated microsatellite markers, but the MHC diversity at the sequenced DZB locus was comparable to that found on the mainland. The long isolation of the Tasmanian platypuses from mainland populations may have contributed to the slight loss of neutral genetic diversity, but positive selection at the peptide-binding region is strong, promoting high MHC variability, which may contribute to protecting some platypuses from mucormycosis.
Genetic diversity in King Island platypuses is critically low; they have an extreme reduction in genetic diversity at microsatellite markers and are monomorphic at the DZB b1 locus. They are significantly differentiated from platypuses from all other regions at all markers. King Island is a small island (1098 km 2 ) sustaining a small discrete population that has been isolated for about 14 000 years (Lambeck and Chappell 2001) . In this endemic population, selection has been less effective, allowing genetic drift and inbreeding to predominate as the major evolutionary forces. Reduced exposure to pathogenic pressures may also have contributed to the diminished MHC diversity observed in this population. In this instance, balancing selection has not been able to maintain MHC diversity, in stark contrast to other studies that have found high MHC diversity in small populations (Aguilar et al. 2004) .
The Kangaroo Island platypus population has its origin from the introduction of 19 individuals from Victoria and Tasmania at different times (Copley 1995) . The allelic richness is this population was lower at MHC-associated markers than at neutral markers in comparison with its source populations, which could reflect founder effect on this island. Interestingly, we also found lower negative F IS values in the MHC-associated markers as compared with neutral markers. This may reflect interbreeding between platypuses descended from the Victorian and Tasmanian founders to increase heterozygosity at the MHC; however, given our small sample size on Kangaroo Island, this is difficult to verify.
The platypus populations of Kangaroo Island and King Island have lower diversity at both neutral and adaptive genetic markers than Tasmanian and mainland animals. This severely compromises their evolutionary potential and may increase their extinction risk (Obrien and Evermann 1988; Frankham 2005) . The lack of MHC diversity on King Island raises serious conservation concerns about continued survival of this population. Although debate remains whether low MHC diversity poses an increased extinction risk Lillie et al. MHC Diversity in the Platypus (Radwan et al. 2010) , it has been linked to increased disease susceptibility in sticklebacks (Gasterosteus aculeatus) (Kurtz et al. 2004) , Soay sheep (Ovis aries L.) (Paterson et al. 1998) , great reed warblers (Acrocephalus arundinaceus) (Westerdahl et al. 2005) , and the Tasmanian devil (Siddle et al. 2007 (Siddle et al. , 2010 , and the introduction of a new pathogen onto King Island could have devastating consequences. Although we found low genetic diversity at neutral and MHC-associated markers in the King Island and Kangaroo Island platypus populations, the diversity at other MHC loci is unknown. Variation may be present at other MHC loci or at other functionally significant loci, maintained by selection. Further investigation into these genes will have importance to platypus conservation to build a complete understanding of the immunogenetic fitness of the wild populations. Nevertheless, these results are of importance to conservation managers. Captive breeding of platypuses is not straightforward and is not routinely carried out (TempleSmith and Grant 2001); therefore, conservation issues of the platypus must be addressed before the need for captive management arises. Genetic diversity could be introduced onto islands through translocation programs. However, this needs to be carefully considered, as it increases the chance of introducing new diseases onto the islands.
By using MHC markers, we have been able to differentiate between platypus populations with a capacity to adapt to environmental change and those that carry higher risk of extinction. On the mainland and in Tasmania, platypuses display high levels of MHC Class II diversity, with balancing selection likely driving MHC polymorphism. However, Kangaroo and King Island platypuses lack diversity at MHC Class II and are of conservation concern. Introduction of a new pathogen onto the islands could have devastating consequences. These populations should be monitored closely for disease outbreaks. Future studies should incorporate additional functional markers to identify populations that may provide refugia in a changing environment.
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